Shakers can produce vibration functions at the desired frequencies and amplitudes according to the vibration standards. Also, shakers have the same working principle with devices of hydraulic, mechanical pneumatic, electromagnetic etc. Shakers can produce vibration in the vertical and horizontal direction depending on the type of table. The test sample is fixed on the table with fixture. In this study, the appropriate slip table was designed and manufactured in order to improve test capability of shaker. Therefore shaker had the capability of vibration drive in the horizontal directions for test sample. Finite element method (FEM), modal analysis, harmonic analysis and vibration measurements were applied to assess vibration analysis. After, results of FEM and confirmation experimental were in a good agreement with each other, the design of vibration shaker table system was manufactured.
INTRODUCTION
The products using in the different industrial area have been tested to verification design and to achieve vibration standard depend on the international tests standard. The most important and most common of these test have been vibration test. Vibration test has been used under the actual operating conditions to determine weakness of the design and the structural strength [1, 2] .
The strength of the products and load that can be applied on the products were determined depend on the test standard [3, 4] or data that can be gathered under the actual operating conditions. All experiments were carried out under the test standard [5, 6] with using data acquisitionprocessing equipment, control equipment, accelerometers, load meters, shakers, and the heating cabin. 1 Sakarya Unv., Eng. Fac. Mech. Eng. Dept., morgul@sakarya.edu.tr
The shaker used in this study, could only be used for limited studies in the vertical direction. This shaker cannot fully answer to the vibration test in the academic word, TSE [8] and international standard. For this reason, as shown in Fig. 1 horizontal table was redesigned and reproduced depending on the literature [9, 10] to make twoaxis motion and obtain desired vibration tests. In addition, literatures about the plate vibration [11] were analytically investigated. As a result, an original design was created. and slip table system [12] The designed slip table will also be exposed to vibration. Therefore, the natural frequencies of the table need to be determined. If the system was driven at these frequencies, the test results can be adversely affected. Thus, the design of vibration test fixtures was very important issue [13] . Before the test, products were connected to the vibration table. All test must be applied towards the international standards. The connection must be applied according to the actual operating condition, when the products were connected to the vibration table.
In this study, the appropriate slip 
HORIZONTAL SLIP TABLE DESIGN
The most important criterion in the design of the horizontal table is the technical properties of the shaker. Some of these features are; the size, shape, weight, maximum shake capacity and motion direction of the device. The design of the table was made in accordance with shakers that shown in Fig. 2 . The technical properties of shaker was given in Table 1 . As can be observed in Fig. 6 , chassis components were designed to carry the entire system on which mounted shakers and other parts of the system. The chassis was produced based on system weights, easy assemble, and strength-weight ratio. At the same time, the design of the system allowed to be used vertically direction without disassembling. The most important criterion in the design of the ear was able to carry 82 kg and can easily switch from vertical to horizontal direction. The reason of the ear design was joined by the mechanics instead of welding was allowed to disassemble when ear used different chassis. Finally, minimum materials was used to avoid weight and cost.
The following steps have been taken into consideration in designing the connector-2 part,: 1) the behind side of the connector-2 be able to screwed together on the 100 mm diameter side of the connector-1 piece as mentioned in the previous step and as seen in Fig. 7, 2 ) the other side of connector-2 be able to hold slip table rigidly, 3) it can be able to transfer the force and various vibrational frequencies from the shaker to the table without resonance. Connector-1 part was designed using a solid model design program to undertake the task of connection between a 100 mm diameter side of the connector-2 part and a 64 mm diameter side of the shaker. Cestamid parts were used to support from the bottom of the slip table. In order to minimize the friction, 0.6 mm depth and 40 mm length channels are manufactured on the upper surface of the 43x80x112 mm sized cestamid pieces. Machine oil and bearing balls were placed in the channels to reduce friction. Afterwards, all parts were assembled as seen in Figure 8 . 
STRUCTURAL AND VIBRATION ANALYSIS OF PLATES

Operating Parameters
The maximum load was applied by the shakers to the sliding table was up to 300 Newton. This force was applied as distributed load, from the side to which the shaker was connected to the table. Therefore, the force is defined as distributed load during vibration analyzing. The solid model of the sliding table was generated and then transferred to the ANYSN [16] for vibration analysis.
Static Analysis
As can be seen Fig. 9 , the horizontal table was meshed according to the surface features. In the static analysis, the table was modeled as a console and the deformations from the weight of the table were investigated. The horizontal table with static analysis is shown in Figure 10 . The fact that the maximum deformation is too small suggests that the tables are sufficiently rigid. 
Modal Analysis
In this study, the modal characteristic of the slip table model was investigated. As a result of analysis 10 natural frequencies were obtained. This natural frequency corresponding to the 10 mode shapes were examined. The results belong to the sliding table can be seen in Table 2 . As can be seen in Fig. 11 ,12,13 and 14, the first 4 mode shapes of the slip table was obtained during the working conditions. Based on the modal analysis, the results were in a close to each other for sliding table which was made of magnesium even if maximum deformation was applied on the sliding table.
Harmonic Response Analysis
The results of amplitudes corresponding to the natural frequencies, which was generated by using harmonic drive, were observed. One of the ten model was obtained during the actual operating condition. It was the main mode shape. As can be seen in Fig. 15 , the main mode frequency was 820 Hz represented at the fourth mode. 
EXPERIMENTAL STUDIES
To obtain vibration measurements manufactured parts were assembled as shown in Fig. 16 . Figure 16 . Assembly of slip table, connection parts shakers
The measurement plan was prepared as shown in Figure 17 to obtain the vibration measurements from the slip table. It was determined that the measurements taken by the harmonic test were in agreement with the modal analysis. The 4th mode corresponds to the high frequency (820 Hz). However, it is measured that the vibration peak values are very low due to the rigidity of the slip tables. So even operating the shaker at 820 Hz is not a risk. However, the stable working frequency of the slip tables is already 50 Hz. The vibration measurements taken at 50 Hz from slip table, are given in Figure 18 The RMS values of the points K1, K2 and K3 in the vertical direction are 0.086, 0.038, 0.040 and 0.202, respectively. As shown in Fig. 18 , the RMS value of the point K4 is higher than the other three points. When the reason is investigated, it has been found that K1, K2, K3 points are processed in the same thickness during manufacturing and the thickness of K4 point is thicker than the other three points. An error occurs because the thickness of the table is not uniform. After measurements, the plate thickness is uniformed. The RMS values taken from points SD and TM are 0.027 and 0.020, respectively, as shown in Figure  19 . The acceleration values measured in the horizontal direction are exactly the same. Thus, it can be seen that the force generated from the shaker can be transmitted to the end point of the table without any interruption as shown in Figure  20 . The RMS measurements taken from the TOY and SY points are 2,031 and 2,033, respectively as shown in Figure 20 . 
CONCLUSIONS
In this study, a slip 
